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ABSTRACT 
The Django Reinhardt sedimentation basin (in Chassieu, France) provided the basis 
for an experimental monitoring campaign to better understand and model 
sedimentation behaviour in full-scale sedimentation systems. Twelve sediment traps 
placed at the base of the sediment basin permitted solids settled during storm events 
to be sampled for both settling velocity (according to the French VICAS  
laboratory analysis protocol) and heavy metal concentrations. The first three 
monitoring campaigns demonstrated significant spatial variability in the sediment 
settling velocity, within a given storm event. Temporal variability between events was 
also found to be substantial. Uncertainties in the estimated setting velocities were 
found to be typically less than 7 %. Importantly, the concentration of heavy metals 
was observed to increase with increasing sediment settling velocity. 
RESUME 
Le bassin de retenue-décantation des eaux pluviales Django Reinhardt à Chassieu 
(France) fait l’objet d’un suivi expérimental, en vue de mieux comprendre et modéliser 
les phénomènes de décantation dans les ouvrages réels de grande taille. Douze 
pièges à sédiments répartis sur le radier de l’ouvrage permettent d’obtenir des 
échantillons des solides décantés au cours des événements pluvieux. Les 
échantillons collectés sont ensuite analysés en laboratoire, en vue de déterminer 
leurs courbes de vitesses de chute au moyen du protocole VICAS (VItesse de Chute 
en ASsainissement). Les 3 premières campagnes de mesure montrent (i) une grande 
hétérogénéité spatiale des vitesses de chute pendant chaque événement pluvieux et 
(ii) une variabilité importante d’un événement pluvieux à l’autre. Les incertitudes 
relatives maximales sur les vitesses de chute sont de quelques pourcents. Les 
concentrations en métaux augmentent avec les vitesses de chute. 
KEY-WORDS 
Heavy metals, retention basin, spatial distribution, sediments, settling velocity, 
uncertainty.  
SESSION 3.2 
674 NOVATECH 2007  
1 INTRODUCTION 
Knowledge of settling velocity distributions of particulate pollutants is essential to 
improve the design, sizing, modelling and management of urban stormwater settling 
devices. These settling curves represent the distribution of the mass of solids and 
pollutants as a function of settling velocities. The values measured and published by 
different authors, both in France and internationally, vary according to the storm 
events sampled, the experimental sites, the measurement devices and the way in 
which they are operated. It is therefore necessary understand sediment settling 
behaviour in real systems, in order to obtain a more precise and better established 
knowledge of solids characteristics and their variability.  
In this paper we present the results of sediment settling distribution measurements 
obtained using the French VICAS laboratory-analysis protocol (Chebbo et al., 2003 ; 
Gromaire et Chebbo, 2003), applied to samples taken from the Django Reinhardt 
retention-settling basin in Chassieu (France), during three storm events. This basin is 
part of the OTHU (Field Observatory for Urban Water Management) network of 
experimental sites. Two principal aspects are presented in this paper : i) spatial 
heterogeneity of settling velocity distributions at the bottom of the basin, and the 
variability of these results between storm events, ii) evaluation of the uncertainty of 
the measured settling velocity distributions. 
2 EXPERIMENTAL SITE, MATERIALS AND METHODS 
The Django Reinhardt retention-infiltration basin was built in 1975 to collect the 
stormwater of Chassieu industrial zone (185 ha). It was rehabilitated in 1985, 2002 
and then retrofitted in 2004. The system is composed of two sub-basins connected by 
a 60 cm diameter pipe. The first is a sedimentation basin in which the stormwater 
runoff is first detained, which acts as a pre-treatment for the subsequent infiltration 
sub-basin. During dry weather periods, the sedimentation basin receives a small flow 
of water from surrounding factories, which are authorized to discharge cooling waters 
to the stormwater network. The bottom of the sedimentation basin is lined with 
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Figure 1 : Schematic representation of the Django Reinhardt sediment basin after its retrofit in 
2004 (Bardin and Barraud, 2004) 
Natural soil slopes make up the basin walls, which are covered with a tight plastic 
film. The basin volume is approximately 32200 m3 and with a surface area (at the 
base) of 11300 m2. Water enters the tank via two 1.6 m circular pipes (labelled as 
inlet 1 and inlet 2 in Figure 1). In order to improve the settling process, a small wall 
was built in 2004. The basin outlet is provided by three orifices (labelled o1, o2 and 
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o3) through the wall. When the water level is greater than the wall height, the outlet is 
provided also by an overflow weir. The stormwater outflow to the infiltration sub-basin 
is limited at 350 L/s. 
Sampling of the settled solids is undertaken using sediment traps located at the base 
of the basin. Using preliminary results from hydraulic modelling, we determined the 
location of 12 traps according to recirculation zones, flow velocities and the observed 
sediment accumulation in the basin. The traps are numbered according to their 
altitude measured relative to sea-level on the basin surface (Figure 2). Collected 
samples (water and sediment) are transported as quickly as possible to the 
laboratory, in order to determine their settling velocity distributions, by means of 







Figure 2 : Sediment traps location and sampling 
The VICAS protocol (Gromaire and Chebbo, 2003) is based on the principle of the 
homogeneous suspension, assuming that particles settle independently, without 
aggregation and diffusion. The measurement is carried out in the laboratory in a 
sedimentation column, with still water with height H. The solids settled during pre-
determined times t are collected at the bottom of the column, dried and then weighed. 
Thus, the evolution of the cumulated mass of solids settled according to time, noted 
M(t), can be calculated. From this distribution, the settling velocity curve F(Vs) can be 
derived, indicating the cumulative fraction F of the total mass of particles having a 
settling velocity lower or equal to Vs, using Eq. 1 : 











tSVF 1100  Eq. 1 
with ( ) ( ) ( )
dt
tdMttMtS −= , 
t
HVs = , Mdec the total mass settled in the column and 
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Mfin the mass of solids remaining in the column at the end of the measurement period. 
Bertrand-Krajewski (2001) proposed that the curve M(t) can be represented by means 















The magnitude F(Vs) is thus determined from six magnitudes t, b, c, d, Mdec and Mfin 
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The standard uncertainty of F(Vs) can be computed using the uncertainty propagation 
law : 
 ( ) ( ) ( )∑ ∑ ∑




































fVFu  Eq. 4 
with u(xi) the estimated standard uncertainty of variable xi ; u(xi,xj) the estimated 
covariance between xi and xj, and with x1=b; x2=c; x3=d; x4=t; x5=Mdec; x6=Mfin. 
All the partial derivatives can be evaluated using analytical methods. To evaluate the 
standard uncertainty u(F(Vs)) it is necessary to know the magnitudes t, b, c, d, Mdec 
and Mfin and their uncertainties. The uncertainties of magnitudes t, Mdec and Mfin are 
assessable by means of repeated measurements. However, the uncertainties of 
parameters b, c and d are not directly assessable. To solve this problem we 
employed the Monte-Carlo method using algorithms coded in MatLab and called 
UVICAS. 
3 RESULTS AND DISCUSSION 
Until now (November 2006) we have undertaken three measurement campaigns, 
labelled C1, C2 and C3. Each measurement campaign is composed of twelve 
sediment traps (labelled P1 to P12) as shown in Figure 2, for each storm event. The 
objective for each campaign is to obtain the settling velocity distributions for each 
measurement point (Figure 3). We observe an important variability in the curves 
obtained, with median velocities V50 ranging from 0.9 m/h (C2, trap P2) to 17.0 m/h 
(C3, trap P4). Within a single storm event, the settling velocity curves are also highly 
variable from one trap to another. For a single trap, the curves vary according to the 
storm event related.  
We compared the settling velocity distributions obtained for each measurement 
campaign, from one trap to another. In order to summarise the results of this 
comparison, Figure 4 shows the median velocity values V50 for each trap, for all three 
measurement campaigns (Figure 4, up), and also the coefficient of variation CV 
(standard deviation / mean of three campaigns) as a function of V50 (Figure 4, down). 
The event C3 shows the highest settling velocity values. In general, traps 1 to 4 show 
the highest settling velocities, followed by traps 5, 7, 10 and 11. Traps 6, 8, 9 and 12 
measured the lowest settling velocities. In addition, the coefficient of variation tends to 
increase with increasing settling velocity. 
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Campaign C2 (24/03/2006) 

































Campaign C3 (09/04/2006) 

































Figure 3 : Settling velocity curves for the three measured storm events 
SESSION 3.2 
678 NOVATECH 2007  
Storm event characteristics for the three measurement campaigns are indicated in 
Table 1 (left). The correlation between these characteristics and the median velocity 
V50 is shown in Table 1 (right). 













































Figure 4 : Comparison of median settling velocities V50 for the three measurement campaigns 
 
Variable C1 C2 C3 
Qmax (m3/s) 0.85 0.60 0.85 
Vtot (m3) 11804 10490 32761 
DTS (hour) 3 32 95 
DP (hour) 24 20 37 
TUmax (NTU) 1174 106 216  
 
V50      
0.83 Qmax     
0.92 0.54 Vtot    
0.72 0.21 0.93 DTS   
0.97 0.68 0.98 0.86 DP  
0.03 0.58 -0.37 -0.68 -0.20 TUmax  
Qmax : maximum inlet flow rate during storm event, Vtot : total runoff volume, DTS : antecedent dry 
weather period, DP : storm event duration, 
TUmax : maximum inlet turbidity during storm event 
Table 1 : Storm event characteristics (left) 
and correlation (r) matrix with median settling velocities V50 (right) 
As can be seen from Table 1 (right), the duration of runoff DP and the total runoff 
volume Vtot have the strongest correlation with the median settling velocity. These two 
variables, whilst co-correlated, demonstrate the importance of the storm event 
hydrology. On the basis of these preliminary results, the variability in settling velocity 
distributions could be explained, at least in part, by variability in storm events. More 
thorough investigations will be undertaken when further data become available, in 
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order to quantify trends and identify more precisely both the hydrologic and 
hydrodynamic behaviour in the basin (flow rates, velocity fields, etc.) which affect 
settling velocity distributions. 
The UVICAS programme was used to quantify uncertainties in measurements of the 
sediment settling velocity distributions (Figure 3). For example, Figure 5 provides a 
summary of the results obtained by UVICAS for the median settling velocity V50. The 
uncertainties are all relatively small, being not more than 7% for V20, 3.5 % for V50 and 
1.2 % for V80, respectively. Uncertainties in event C1 were the smallest and most 
stable, with somewhat greater and more variable uncertainties in the other two 
events. Uncertainties in event C2 were the highest and least stable, ranging from 
0.3 % to 6.2 % for V20, 0.3 % to 3.4 % for V50 and from 0.1 % to 1.1 % for V80. 
Furthermore, the sediment traps located at the highest altitudes (and thus inundated 
during rainfall events for the shortest time) have the greatest uncertainties (and 
conversely, those exposed to the longest periods of inundation, have the least 
uncertainty). Storm event C3 has somewhat intermediate results, with relative 
uncertainties of between 0.3 % and 1.4 % for V50, and between 0.2 % and 0.7 % for 
V80. For V20 and V50, uncertainties were again observed to increase with altitude. 























Figure 5 : Relative uncertainties (calculated with UVICAS) for the median settling velocities V50. 
Heavy metal (Cd, Cu, Pb, Zn) concentrations in the sediments were measured at the 
same time as sediment settling velocity during storm event C3. The positive 
correlation observed between sediment setting velocity and pollutant concentrations 
(Table 2) may have implications for managing pollutant risks in such systems. The 
concentration of lead appears to be the most strongly correlated with median settling 
velocity V50. Further investigations will be undertaken to verify these trends. 
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Table 2: Correlation (r) between median settling velocity V50 and heavy metal concentrations in 
the collected sediment (for storm event C3). 
4 CONCLUSIONS 
Three measurement campaigns were undertaken in the Django Reinhardt 
sedimentation basin in Chassieu (France) in order to determine sediment settling 
velocity distributions within the basin. The results demonstrate substantial inter-event 
variability within the same site. Preliminary analysis suggests that hydrologic 
characteristics (storm event volume and duration) largely explain this variability. 
Variability of hydrodynamic conditions in the basin during settling for different storm 
events could also be a possible explanation for the observed variability in the settling 
velocity distributions. The influence of these factors will be tested when more data 
becomes available from future measurement campaigns. Hydrodynamic models 
(currently in calibration) will also be used to assist in interpreting observed behaviour. 
The UVICAS programme was developed and used to calculate uncertainties in the 
sediment setting velocities (which were measured using the French VICAS protocol). 
Uncertainties were found to be relatively small, not exceeding 7 %. However, 
differences in relative uncertainties exist between the three storm events. Ongoing 
monitoring of future storm events will be used to explain this variability. 
The extent of spatial heterogeneity in sediment settling velocity makes overall 
prediction of sediment velocity very difficult. In turn, this limits the ability to calculate 
the sediment trapping efficiency and mass accumulation in sediment basins. 
However, the spatial measuring campaigns undertaken at Chassieu will provide a 
useful test for geostatistical techniques such as krigging and cokrigging, in order to 
estimate the total mass of sediment deposited within the basin during a storm event. 
Ultimately, the measurement data will be used with hydrodynamic modelling results, 
to achieve a better understanding of the system’s behaviour, and its management 
implications. 
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